Abstract: Seed extracts from eight grape cultivars (Vitis vinifera) growing in Serbia were screened for their polyphenolic composition by means of HPLC/ /PDA/ESI/MS analysis. The study revealed 34 phenolic compounds belonging to the following groups: flavan-3-ol monomers, proanthocyanidins, flavonols, hydroxycinnamic acid and hydroxybenzoic acid derivatives. The quantities of the main constituents were determined using PDA/HPLC. Qualitative and quantitative differences among the cultivars were observed.
INTRODUCTION
Many agricultural by-products are composed of plant tissues rich in phytochemicals, with valuable chemical and biological properties. Examples are by--products from wine processing, [1] [2] [3] such as marcs, stems, dregs (a sludgy residue deposited on the bottom of fermentation vats) and grape-seeds, which represent rich sources of polyphenolics.
Phenols represent the third most abundant constituent in grapes after carbohydrates and fruit acids. 4 The composition of phenolics depends on whether the extraction is performed on whole grape, pulp, skin or seeds. The total extractable phenolics in grapes are present at only about 10 % or less in pulp, 60-70 % in the seeds and 28-35 % in the skin. The phenol content of seeds may range from 5 to 8 % by weight. 5 
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known that the concentration of polyphenolic compounds in grapes depends on the grape cultivar, 26, 27 and other factors, such as ripening time, climate, soil and location of growth. 28 The aim of this study was to determine the polyphenolic composition of grape seed extracts from Vitis vinifera L. cv., Smederevka, Prokupac, Serbian original varieties, and Italian Riesling, Traminer, Black Burgundy, Gamay Noir, Muscat Hamburg and Gamay Bojadiser, all grown in the same geographical area and vintage. Two grape cultivars, Italian Riesling and Traminer, have a yellow--green colored grape berry used for production of high-quality white wines. The cultivar Smederevka is an autochthonous grape cultivar of Serbia, with lightly yellow and green colored berries. This cultivar is used for production of quality white wines as well as for all kinds of blending, because the grapes accumulate a high level of acids. Since the grape is well transportable and the pulp is crispy, it is also used fresh. Black Burgundy and Gamay Noir are purple-colored grape cultivars, used in production of high-quality red wines. Muscat Hamburg is the most widespread table grape in Serbia. This grape can be used fresh as well as for wine and grape brandy production. Prokupac is also an autochthonous grape cultivar of Serbia. Its berries are navy-blue colored with plenty of dots, and it is used for the production of quality rosé wines. Gamay Bojadiser grapes are full of colored materials, and it is mostly used for blending. An HPLC/PDA/MS method was used for the polyphenols analysis. The similarities and differences between the polyphenolic compositions of grape seed extracts from different cultivars are discussed.
EXPERIMENTAL
Plant material
Seeds from eight grape cultivars, including Italian Riesling, Traminer, Smederevka, Black Burgundy, Gamay Noir, Muscat Hamburg, Prokupac and Gamay Bojadiser were examined. All studied cultivars were grown in the vicinity of Belgrade (experimental orchard of Radmilovac, property of Faculty of Agriculture, University of Belgrade). The experimental vineyard was raised in 1995 (cultivars Smederevka and Gamay Noir), and 1996 (cultivars Italian Riesling, Traminer, Black Burgundy, Muscat Hamburg, Prokupac and Gamay Bojadiser). The distance of sowing was 3×1 m, with two rows support, and the training system was a "double-branched asymmetrical cordone", 29 
Chemicals
Gallic acid, catechin, epicatechin, caffeic acid, ellagic acid, and rutin were purchased from Sigma Aldrich (St. Louis, MO, USA). All chemicals and solvents were of analytical grade. The HPLC water was purified by a Milli-Q System.
Sample preparation
The seeds from the berries were manually separated from pulp and dried on filter paper. The samples of whole, dried seeds (20 g) were macerated in 120 mL of 50 % MeOH, and 1 mL of rutin solution (2.78 mg mL -1 in MeOH, internal standard) was added. The mixtures were sonicated in an ultrasonic bath for 8 h. The extracts were filtered through filter paper, evaporated (to 1 mL) at 45 °C under reduced pressure and filtered through a 0.45 mm cellulose filter (Millipore). The filtrate was then transferred into a vial and filled up with 50 % MeOH to a volume of 1.5 mL.
HPLC/PDA Analysis
HPLC analysis of extracts was performed using an Agilent 1200 chromatograph equipped with a PDA model G1315B, a Bin pump model G1312A, an autosampler model G1313A and a RR Zorbax Eclipse Plus C18 column (1. 30 The injection volume was 10 μL. Wavelengths of 280 nm (for flavan-3-ols and benzoic acid derivatives) and 360 nm (for flavonols and cinnamic acid derivatives) were selected for detection.
Quantification of the compounds was realized using calibration curves obtained by HPLC of pure standards: gallic acid, caffeic acid, (+)-catechin, (-)-epicatechin, and ellagic acid. Rutin was used as an internal standard. Some compounds were quantified as equivalents of the most similar chemical structures: gallic acid for gallic acid glucoside, gentisic acid glucoside, protocatechuic acid, p-hydroxybenzoic acid and methyl gallate; caftaric acid as caffeic acid; (+)--catechin for proanthocyanidin dimers and trimers and their monogallates; (-)-epicatechin for epicatechin gallate; ellagic acid for ellagic acid pentoside.
LC/MS analysis
LC/MS analysis was performed on an Agilent MSD TOF coupled to an Agilent 1200 series HPLC, using the same column and gradient program as were employed for the HPLC/ /PDA analysis. Mass spectra were acquired using an Agilent ESI-MSD TOF. The drying gas (N2) flow was 12 L min -1 ; the nebulizer pressure was 310.264 kPa and the drying gas temperature was 350 °C. For ESI analysis, the parameters were: capillary voltage, 4000 V; fragmentor, 140 V; skimmer, 60 V; Oct RF V 250 V, for negative modes. The mass range was from 100 to 2000 m/z. Data processing was realized with the software Molecular Feature Extractor and Mass Profiler.
Statistical analysis
All the experiments were performed in triplicate. Significant differences between the means were separated by analysis of variance (ANOVA) followed by Tukey's test. Computations were realized using Origin software package version 7.0.
RESULTS AND DISCUSSION
The rapid resolution HPLC column and the appropriate gradient program afforded the separation of some 34 phenolic compounds in less than 30 min. Identification of the compounds was based on the UV spectra and molecular formula obtained from accurate mass measurements, both measured on the HPLC/ /PDA/ESI/MS equipment, which also involved comparison of these data with those of the metabolites previously reported for grape seed extracts. 23, 31 The identified phenolic compounds could be classified into the following groups: flavanol monomers (catechin and epicatechin), proanthocyanidins, flavonols, hydroxycinnamic acids, and hydroxybenzoic acid derivatives (Table I, Fig. 1.) . However, owing to the unavailability of authentic compounds, with exception of gallic acid, ellagic acid, catechin and epicatechin, the peaks could be tentatively assigned but without determination of stereochemistry. All the identified compounds exhibited quasi-molecular ion [M-H] -, as the dominant ion species in the mass spectrum. The exception were procyanidin trimers, where doubly charged [M-2H] 2-species were dominant. Cluster ions, such as [2M-H] -, were also observed for most of the compounds.
The amounts of phenolic compounds are presented in Tables II and III . The range of free gallic acid varied from 4 to 23 mg per 100 g of grape seeds. While white grape cultivars (Italian Riesling, Traminer and Smederevka) showed high gallic acid contents (over 17 mg per 100 g), the colored cultivars possessed significantly lower contents (below 10 mg per 100 g). This is in accordance with data published for some white and red grape varieties from Spain. 32 Except in Italian Riesling, glucosides of gallic acid were found in all the studied cultivars. In addition, protocatechuic acid was detected in the white grape cultivars and Gamay Noir. The presence of ellagic acid or ellagic acid glycoside was con-firmed in Muscat Hamburg and Prokupac seeds. This finding is surprising because it was hitherto believed that the presence of ellagic acid is unique for muscadine grapes (Vitis rotundifolia) among the Vitis varieties. 33 In comparison with other classes of polyphenolic compounds, hydroxycinnamic acid derivatives were present in lower amounts in the seeds. This is in accordance with data from the literature claiming that hydroxycinnamic acids are localized mainly in the skin and pulp. 5 No hydroxycinnamic acids derivatives were detected in the cultivar Smederevka, while caftaric acid (ester of caffeic acid with tartaric acid) was found in the remaining cultivars. Underivatized caffeic acid was only found in the seeds of Traminer.
The presence of taxifolin (dihydroquercetin) and its glycoside astilbin was confirmed in Italian Riesling and Traminer cultivars, while in Black Burgundy only astilbin was detected. It should be noted that the presence of such types of flavonols is very rare in grape extracts. 35 Kaempferol rutinoside, quercetin or their glycosides were found in all the studied cultivars. Isorhamnetin-3-O-gluco-side was detected only in Gamay Bojadiser (Table II) . Such flavonols have been already reported in grapes extracts. 32, 36 The most abundant phenolic compounds in the grape seed extracts were monomeric flavan-3-ols and proanthocyanidins, as found by other authors. 26, 32, 37 Generally, the content of flavan-3-ol monomers (catechin and epicatechin) was higher in the colored than in the white grape cultivars (Table III) . Only Smederevka and Gamay Bojadiser possessed greater amounts of epicatechin than catechin, while the catechin/epicatechin ratio for most cultivars was between 1 and 2. The exception was Black Burgundy which contained more than two times more catechin than epicatechin. Muscat Hamburg, Gamay Bojadiser, Italian Riesling and Gamay Noir were the richest in proanthocyanidin dimers, while Italian Riesling possessed a high amount of galloylated proantocyanidins. On the other hand, Smederevka possessed a very low amount of proanthocyanidin dimers and galloylated proanthocyanidins.
CONCLUSIONS
Statistically significant difference in the contents of some polyphenolic compounds between the studied cultivars was noticed. From these findings, it may be concluded that the amounts and distribution of various phenolic compounds in grape seeds depend directly on the cultivar, as the other factors, such as ripening time, climate, soil and location of growth, were the same for all the studied cultivars. This is the first time the presence of ellagic acid or ellagic acid glycoside in some Vitis vinifera cultivars was evidenced. The variation of the composition of the phenolic compounds from certain cultivar could be used in industry to make specific food additives or dietary supplements. Poqoprivredni fakultet, Nemawina 6, 11080, Zemun Помоћу HPLC/PDA/ESI/MS анализе је испитан полифенолни састав екстраката семенки осам сорти грожђа (Vitis vinifera) гајених у Србији. Утврђено је присуство 34 фенолна једи-њења која припадају следећим групама: флаванолски мономери, проантоцијанидини, флаво-ноли, деривати хидроксициметне и деривати хидроксибензоеве киселине. Квантитативни са-држај главних састојака је одређен уз помоћ PDA/HPLC. Примећене су квалитативне и кван-титативне разлике између појединих сорти. 
